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POWERPACK LASER DIODE ASSEMBLIES 



Field of the Invention 
The invention relates to high power laser diode assemblies and, more particularly, 
5 to a laser diode assembles that use bonding wires to help provide thermal dissipation. 



Background of the Invention 
Semiconductor laser diodes are generally known in the art. Typically, 
semiconductor laser diodes include parallel facets that are formed when semiconductor 

10 laser diodes are formed by cleaving a semiconductor crystal along the crystal's natural 
cleavage planes. The facets help confine light that is emitted by a p-n junction located 
within the semiconductor laser diode by reflecting back into the semiconductor body a 
fraction of the light that otherwise would exit the semiconductor body. This reflection of 
the emitted light promotes a condition where the reflected light oscillates within the 

1 5 semiconductor body. This p-n junction is formed by p-type and n-type doped layers 
grown on a substrate. P-type and n-type contacts are formed on the surface of these 
layers. 

Because of their numerous advantages, including low cost, small size, high 
mechanical stability, potential for substantial output power, and very good efficiency 

20 (often near 50% for pulsed junction semiconductor laser diodes), semiconductor laser 

diodes have the potential to replace large inefficient and expensive laser systems in many 
industrial, scientific, medical and military applications. Semiconductor laser technology 
also presents one of the most efficient and adaptable methods of generating coherent laser 
radiation at different wavelengths. By varying the type of semiconductor alloy from 

25 which the semiconductor lasers is made, the semiconductor laser diode can produce 
radiation at a range of wavelengths. 

Semiconductor laser diodes can be used as the optical pumping source fqr fiber- 
optic networks and communication systems. For example, wavelength division 
multiplexing (WDM) fiber optic networks use 980-nm pump lasers to amplify signals 

30 transmitted through the fiber optics systems simultaneously at different wavelengths. 
The increased demands on and popularity of WDM fiber optic networks have increased 
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the demands on pump lasers, and increased output power from 980-nm lasers is crucial 
for high-speed communications systems. 

Semiconductor laser diodes can have thermally related issues that limit their 
ability to provide increased output power. The thermal issues are related to the large heat 
dissipation of the laser diode per unit area from the laser diodes, which causes elevated 
junction temperatures and stresses. The optical output of a laser diode declines as it heats 
up; thus, increases injunction temperature tend to decrease the efficiency and service life 
of a laser diode. Junction temperature also affects the emitted wavelength of a laser 
diode. Maintaining a constant junction temperature is important in maintaining a given 
output wavelength. 

When the laser diode is operated at high output power, the temperature increase at 
the facet due to nonradiative recombination can be large. If the temperature at the facet 
exceeds the melting point of the semiconductor material used to form the laser, rapid 
destruction of the facet occurs, which inhibits proper laser diode operation. The increase 
of junction temperature near the facet may cause catastrophic optical damage (COD), 
which is permanent damage to the facet. This destruction of the facet results in failure of 
the device. 

Heat sinks often are used with laser diodes to help with heat dissipation, but heat 
sinks are limited in the amount of power they can dissipate. In addition, present laser 
diode designs often do not effectively transmit enough of the heat to the heat sink. 
Increasing the size of the laser diode itself can increase the surface area through which 
heat can be dissipated, but this method tends to be limited by the size of the chip. 

Summary of the Invention 
In one aspect, embodiments of the invention provide systems, methods, and 
apparatuses to provide a semiconductor laser diode having thermal performance that may 
provide advantages over the systems described above. In at least one embodiment, the 
invention can achieve improved thermal performance over prior art designs. In at least 
one embodiment, the chip forming the laser diode is bonded on both sides of its top side, 
using at least one bonding element (such as wire and/or ribbon) on each side of the top 
side of the laser diode. 
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In at least one embodiment, the invention provides a laser diode assembly, 
comprising a carrier, a laser diode, a first bonding member, and a second bonding 
member. The carrier has a top and bottom, the top having a top conductive layer formed 
thereon, the top conductive layer sized for attaching at least two bonding members 
5 thereto. The laser diode is operably coupled to the carrier and has first and second 
conductive pads formed thereon, the first and second conductive pads each sized for 
attaching at least one bonding member thereto. The first bonding member couples the 
first conductive pad to the conductive layer of the laser diode, and the second bonding 
member couples the second pad to the conductive layer of the laser diode. 

10 Embodiments of the invention may include the following. The laser diode can 

further comprise first and second electrodes and at least one of the first and second 
conductive pads of the laser diode can be operably coupled to one of the first and second 
electrodes of the laser diode. At least one of the first and second conductive pads can be 
constructed and arranged to dissipate heat resulting from internal power production of the 

15 laser diode. Any one or more of the bonding members can be made from a length of 
conductive material such as wire, ribbon, braid, filament, fiber and tape. The laser diode 
assembly also can include one or more additional bonding members coupling at least one 
of the first and second conductive pads to the conductive layer. The laser diode can 
include a laser ridge having first and second sides, and the first and second conductive 

20 pads may be formed, respectively, near or on top of the first and second sides of the laser 
ridge. The laser diode assembly also can be coupled, such as by mounting, to a heat sink 
and then a thermo electric cooling (TEC) device. 

Embodiments of this aspect can also include the following. In at least one 
embodiment, the conductive layer formed on the carrier comprises first and second 

25 conductive layer portions, wherein the first conductive pad of the laser diode is coupled 
to the first conductive layer portion of the carrier using a bonding member, and the 
second conductive pad of the laser diode is coupled to the second conductive layer 
portion of the carrier using a bonding member. In at least one embodiment, the first and 
second conductive pads are formed on the p-contact of the laser diode. In at least one 

30 embodiment, the first and second conductive pads are formed on the n-contact of the 
laser diode. In at least one embodiment, at least one of the first and second conductive 
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pads on the laser diode comprises a contact pad. In at least one embodiment, at least one 
of the first and second conductive pads on the laser diode comprises a protection pad. 

In still another aspect, at least one embodiment of the invention provides a 
method for making a laser diode assembly. A conductive layer sized for attaching at least 

5 two bonding members thereto is formed on a carrier. First and second conductive pads 
are formed on a laser diode, each pad sized for attaching at least one bonding member 
thereto. The laser diode is operably coupled to the carrier, and bonding members couple 
the first conductive pad of the laser diode to the conductive layer of the carrier and the 
second conductive pad of the laser diode to the conductive layer on the carrier. 

1 0 At least one embodiment of the method operably couples, such as by mounting, 

the carrier to a heat sink and then a thermo electric cooling (TEC) device. An 
embodiment of the method includes forming first and second conductive pads on first and 
second sides of a laser ridge formed on the laser diode. In an embodiment of the 
invention, the first and second sides of the laser ridge are opposite sides of the laser ridge 

15 In still another aspect, at least one embodiment of the invention provides a laser 

diode assembly comprising a carrier, laser diode, first bonding member, and second 
bonding member. The carrier is structured and arranged for mounting a laser diode chip 
thereto and comprises a first electrode area and a second electrode area. The laser diode 
has a first side mounted to the second electrode area of the carrier and a second side 

20 comprising first and second conductive pads.. The first bonding member couples the first 
conductive pad of the laser diode to the first electrode area of the carrier, and the second 
bonding member couples the second conductive pad of the laser diode to the first 
electrode area of the carrier. For example, in at least one embodiment, the first bonding 
member couples the first conductive pad of the laser diode to a p-type contact area on the 

25 carrier, and the second bonding member couples the second conductive pad of the laser 
diode to another p-type contact area on the carrier. 

Embodiments of this aspect include the following. In at least one embodiment, 
the first and second contact areas on the carrier are coupled, such as by mounting, to an 
n-type electrode and a p-type electrode, respectively, of the laser diode. In at least one 

30 embodiment, the first side of the laser diode is the n-side of the laser diode. In at least 
one embodiment, the first side of the laser diode is the p-side of the laser diode. In at 



TRA 1523597v2 



Utility Patent Application 
Attorney Docket No. 22435-004 
Page 6 of 20 

least one embodiment, at least one of the first and second contact areas on the carrier is a 
p-type contact area, and this p-type contact area may itself comprise one or more contact 
areas. 

In at least one embodiment, the second conductive pad comprises two or more 
conductive pads. For example, in an embodiment, the second conductive pad comprises 
three conductive pads, each of which is coupled, via at least one bonding member, to the 
a p-type contact area on the carrier. In another example, the second conductive pad 
comprises two conductive pads and the p-type contact area on the carrier comprises two 
conductive p-type areas. Each of the two conductive pads comprising the second 
conductive pad can be coupled, via one or more bonding members, to either or both of 
the two conductive p-type areas. 

In an embodiment of this aspect, the diode further comprises a laser ridge having 
opposing edges, and the first and second conductive pads are adjacent to opposing edges 
of the laser ridge, which can, for example, be formed substantially near the second side of 
the laser diode. In at least one embodiment of this aspect, the second side of the laser 
diode is the top side of the laser diode, a laser ridge is formed substantially near the top 
side of the laser diode and has first and second sides, and the first and second conductive 
pads can be disposed on first and second sides, respectively, of the laser ridge. In one 
embodiment, the first and second sides are on opposite sides of the laser ridge. As those 
skilled in the art know, the laser ridge may or may not be visible on the surface of the 
laser diode. For example, some laser diodes have a burred ridge structure. 

In an embodiment of invention, a laser diode assembly is provided comprising a 
carrier, laser diode, first bonding member, and second bonding member. The carrier is 
structured and arranged for mounting a laser diode chip thereto and comprises first and 
second electrode areas and a conductive area. In at least one embodiment, the first 
electrode area is an n-type contact area, and the second electrode area is a p-type contact 
area. The laser diode has a first side attached to the second electrode area of the carrier 
and a second side comprising first and second conductive pads. In at least one 
embodiment, the laser diode has an n-side coupled to an n-type electrode area on the 
carrier and a p-side coupled to a p-type electrode area on the carrier. In at least one 
embodiment, the first bonding member couples the first conductive pad of the p-side of 
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the laser diode to the p-side electrode area on the carrier, and the second bonding member 
couples the second conductive pad on the p-side of the laser diode to the conductive area 
of the carrier. 

Embodiments of the invention thus may provide systems, methods, and 
5 apparatuses for providing a semiconductor laser diode capable of providing high output 
power. Still more embodiments of the invention may provide systems, methods, and 
apparatuses for providing a semiconductor laser diode with symmetric current injection 
and heat distribution. 

The foregoing and other objects, aspects, features, and advantages of the 
1 0 invention will become more apparent from the following detailed description of the 
invention when viewed in conjunction with the accompanying Figures and the claims. 

I Brief Description of the Figures 

! An understanding of the principles of the invention may be readily attained by 

1} 1 5 reference to the following specification and the accompanying drawings in which: 
fa FIG. 1 is a top view of a prior art laser diode chip; 

L FIG. 2 is a top view of a prior art laser diode assembly; 

ff 1 Figure 3 is a top view of a laser diode chip in accordance with an embodiment of 

ill the invention; 

ff 20 FIG. 4 is a side view , of a laser diode chip in accordance with an embodiment of 

the invention; 

FIG. 5 is a top view of a laser diode assembly in accordance with an embodiment 
of the invention; 

FIG. 6 is a cross-sectional view of the laser diode assembly of FIG. 5; 
25 FIG. 7 is a top view of a laser diode assembly in accordance with at least one 

embodiment of the invention; and 

FIG. 8 is a top view of a laser diode assembly in accordance with an embodiment 
of the invention. 

The Figures are not necessarily to scale, emphasis instead generally being placed 
30 upon illustrating the principles of the invention. 
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Detailed Description of Preferred Embodiments 
Traditionally, laser diode chips, such as 980-nm pump laser diode chips, have 
asymmetric top (p-contact) contact pads for wire bonding the laser diode chip to the chip 
carrier, which also can be referred to as the submount or hybrid. In present laser diode 
5 chip and assembly designs, wires are bonded to only one side of the top side of the laser 
diode chip. 

FIG. 1 is an illustration of a prior art laser diode chip 10 where bonds, such as 
wire bonds, are coupled to only one of its sides. The laser diode chip 10 includes a chip 
identifier portion 12, a first pad 14 (also referred to as a contact pad/protection pad 14), a 

1 0 laser ridge 1 6, and a second pad 1 8 (also referred to as a protection pad 1 8). The 

contact/protection pad 14 is an area, such as a metal or metalized area, that provides a 
contact point for the p-side of the p-n junction of the laser diode 10. The protection pad 
18 is a metal or metalized area, and helps to protect the surface of the laser diode chip 10. 
The contact/protection pad 14 is of a width (e.g., about 150 micrometers) 

1 5 sufficient to permit bonding wires to be bonded to the contact/protection pad 14, such as 
at bond locations 20, 20' and to the p-contact area on the chip carrier (see FIG. 2), and is 
of a thickness sufficient to protect the laser ridge 16 and support wire bonds (e.g., the 
bonding wires, which can, for example, be about 25 microns in diameter). The protection 
pad 18 typically is about half the width of the contact pad 14 (e.g., about 75 

20 micrometers). The thickness of the contact/protection pad 14 and the protection pad 
typically can be from one to ten micrometers thick. In addition, the contact/protection 
pad 14 and the protection pad 1 8 are made of a conductive material, such as gold (Au) or 
gold plated over another material, e.g. Ti and/or Pt, to help to distribute heat generated 
by the laser diode chip 10. 

25 FIG. 2 is a laser diode assembly 22, showing the laser diode chip 1 0 of FIG. 1 

mounted to a chip carrier 28 which can, for example, be made by metalizing an 
aluminum nitride substrate in predetermined areas to form p and n regions 24, 20„ 
attaching (e.g. by soldering, welding, conductive adhesives, etc.) the laser diode chip 10 
to its respective region (i.e., n region or p region, depending on whether the laser diode is 

30 epi up or epi down), and coupling the contact pad 14 of the laser diode chip 10 to the 
other (n or p region) area of the carrier 28. In some instances, the carrier 28 may be 
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attached (e.g., by soldering, welding, conductive adhesives, etc.) to a heat dissipating 
device, such as a thermal conductive metal heat sink (which, for example, typically is 
made from Cu, Ni, etc.; see FIG. 4 for an example of this using the invention), and then 
to a thermo electric cooling (TEC) device, or even to a stack of TEC cooling devices. 

5 For example, in FIG. 2, the n region 26 of the chip carrier 28 is attached to the n 

contact at the bottom of the laser diode 10, and the p region 24 of the chip carrier 28 is 
coupled, via wire bonds 30, 30', to the contact/protection pad 14, which is operably 
coupled to an appropriate electrode on the laser diode 10. These bonding wires 30, 30' 
are, for example, made from a conductive material such as gold. The chip carrier 28 is, 

1 0 for example, made from A1N, A1 2 0 3 , BeO, SiC or other suitable materials known to those 
skilled in the art, such as ceramic material, and also includes an n-type surface contact 
area 26. The carrier 28 may also include a detector area 23, which is used for mounting a 
photodiode device (not shown), also known as a back facet detector. As FIG. 2 
illustrates, the bonding wires 30, 30* that bond on the p-type metalization contact area of 

1 5 laser diode 1 0 are coupled on just one side (the contact pad side) of the top side of the 
laser diode 10. 

FIGs. 3 and 4 are top and side views, respectively, of a laser diode chip 10 
constructed in accordance with at least one embodiment of the invention. Although not 
illustrated herein, those skilled in the art will recognize that the laser diode chip 10 may 

20 be made in a conventional manner, using layers of semiconductor material. In this 

embodiment of the invention, the width of the protection pad 18 is increased. Thus, with 
the width of the protection pad 1 8 increased, the protection pad 1 8 of FIGs. 3 and 4 is 
acting as a contact/protection pad (i.e., like the contact/protection pad 14). In at least one 
embodiment, the width of the protection pad 18 is increased to a sufficient width for 

25 attaching bonding members such as wire bonds. In addition, in an embodiment of the 
invention, the protection pad 18 is constructed and arranged to dissipate heat resulting 
from internal power dissipation of the laser diode chip 10. 

FIG. 4 also illustrates, for purposes of example, the p-metalization 13 and the n- 
metalization 15 of the laser diode 10, in accordance with at least one embodiment of the 

30 invention. 
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In the example embodiment shown in FIGs. 3 and 4, the width of the protection 
pad 1 8 (Wl) is approximately the same width (W2) as that of the contact/protection pad 
14 (e.g., Wl ~= W2 ~= about 150 micrometers wide). The contact/protection pad 14 and 
the protection pad 18 are of a width sufficient to attach wire bonds thereto (to, for 
5 example, locations such as 20, 20', 20" and 32, 32', 32"). The width of the 

contact/protection pad 14 and/or that of the protection pad 18 are not limited to a specific 
size and need not be the same size. For example, either the contact/protection pad 14 or 
the protection pad 1 8 can have a width greater than the other, so long as both the 
contact/protection pad 14 and the protection pad 18 each is sufficiently wide to permit a 

10 bonding member, such as a wire bond or ribbon, to be properly attached thereto. 

FIG. 5 is a top view of a laser diode assembly 22 constructed in accordance with 
one embodiment of the invention. In FIG. 5, the laser diode 10 of FIG. 3 has been 
operably coupled to the p-metalization area 24 of a carrier 28 using both the 
contact/protection pad 14 and the protection pad 18 -i.e., both sides of the p-side of the 

15 laser diode 10. The bond wires 30, 30', and 30" couple the contact/protection pad 14 to 
the p-metalization area 24 and the bond wires 34, 34', and 34" couple the protection pad 
1 8, which now acts as a contact/protection pad, to the p-metalization area 24 of carrier 
28. The bonding wires 30, 30', 30", 34, 34', and 34" are formed from a conducting 
material such as gold, and have a diameter sized to be able to be bonded to the 

20 contact/protection pad 14 and the contact/protection pad 1 8. For example, in at least one 
embodiment, the bonding wires have diameters ranging from 2 micrometers to 200 
micrometers in diameter (typically, 25 micrometers). The diameter or thickness of the 
bonding wire also may depend on the amount of current a bonding wire may be expected 
to carry or the amount of heat to which a bonding wire is subjected (e.g., the amount of 

25 heat the bond wire may transfer and/or dissipate). 

Although the embodiment of FIG. 5 illustrates that the bonding members 30, 30', 
30", and 34, 34', 34" are formed from solid wire, other types of conductive materials, 
such as braid, ribbon, multi-stranded wire, etc., can be used as a bonding member to 
couple the laser diode 10 to the carrier 28. 

30 
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Although FIG. 5 illustrates an embodiment where there are three bonding 
members coupling the each of the contact/protection pad 14 and the protection pad 18 to 
the carrier 28, the illustrated number of bonding members is not limiting. As few as one 
member per pad (one for the contact/protection pad 14 and one for the protection pad 18) 
5 are within the spirit and scope of the invention. Another embodiment of the invention 
uses as many as fifty bonding members on each of the contact/protection pad 14 and the 
protection pad 1 8. An unlimited number of bonding members can be used, e.g., 
depending on the sizes of the laser diode chip 10, the bond members, 30, 34, and/or the 
carrier 28. In at least one embodiment, the bonding members are not all carriers of 

10 electrical signals and at least one bonding member is used solely to dissipate heat. 

The top bonding wires (bonding wires, bonding ribbon, etc.) can play either or 
both of the following two roles for the laser diode 10: (1) electrical connection to the 
chip carrier 28 and (2) heat sink on top, to remove the heat produced in the junction of 
the laser diode 10, which heat is dissipated using the contact/protection pad 14 and 

1 5 protection pad 1 8. For the electrical connection role, providing wire bonds on both sides 
of the laser diode 10 when there is an electrical connection, as provided in the invention, 
helps to create symmetric current injection. The invention provides even more 
advantages when the bonding wires play a heat sink role, especially for a high power 
laser diode situation. 

20 Using at least one and preferably multiple wire bonds on each side of the laser 

diode 10 helps to provide multi-path thermal dissipation and helps provide a symmetric 
heat distribution, resulting in better thermal dissipation for the laser diode 10 and 
reduction of the thermal lensing effect (thermal lensing is the distortion of an optical path 
as a result of heat, which can influence the divergence and the mode quality of a beam 

25 passing through the laser diode). This also can reduce thermally-induced failures of the 
laser diode. Better thermal conductivity reduces the heat build up for the laser chips. In 
addition, using multiple wire bonds, as shown in FIG. 5, helps provide additional 
connections that may compensate for the failure of any one of the connections. 

FIG. 6 is a partial cross-sectional view of a laser diode assembly 22 in accordance 

30 with the invention and helps illustrate the operation of an embodiment of the invention. 
The bonding wires 30 and 34 couple to the p-metalization area 24 (not visible in FIG. 6) 
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of the carrier 28 and to both sides of the laser diode 10. The additional bonding wires 
30', 30", 34', and 34" are not visible in this partial cross-sectional view. When the laser 
diode 10 generates heat to be dissipated, the heat is transferred to the contact/protection 
pad 14 and protection pad 1 8 (see FIG. 5), and the bonding wires 30 and 34 help to 
5 couple this dissipated heat to the carrier 28. The carrier 28 is constructed to couple this 
heat through to its bottom surface, where the carrier 28 conducts the heat through a metal 
plate 3 1 (e.g., a heat sink), which transmits the heat to a heat pumping device 33, such as 
a TEC device 33 or stack of TEC devices. 

Referring briefly to FIG. 5, in an embodiment of the invention, the p-metalization 

1 0 area 24 of the carrier 28 is shaped such that it "wraps around" the area to which the laser 
diode 10 is attached, so that the bonding wires 34, 34', and 34" couple to the p- 
metalization 24 without having to be routed over the contact pad 14. This helps reduce 
the lengths of the bonding wires 34, 34 r , and 34" required, and also can help reduce the 
length of p-metalization area 24 that is needed along the length of the laser diode 10. 

1 5 However, the embodiment of FIG. 5 represents just one of many possible ways that 
bonding wire can be coupled from the protection pad 18 of the laser diode 10 to the 
carrier 28. The laser diode 10 and/or the carrier 28 can be constructed and arranged to 
couple the protection pad 1 8 to the carrier 28 in many different ways. 

For example, in one embodiment (such as the embodiment shown in FIG. 8), the 

20 p-metalization area of FIG. 5 may comprise two or more conductive areas 36 that are 
formed on the carrier 28, and the bonding members on either or both sides of the laser 
ridge 16 (e.g., any one or more of the bonding members 30, 30', and 30" and/or 34, 34', 
and 34") may be coupled to either or both of the conductive areas 36. These conductive 
areas 36 are electrically the same point, but, being separate, they can provide additional 

25 dissipation area. In at least one embodiment, any one of the two or more conductive 
areas 36 can be coupled to a cooling device separate from the cooling device to which 
any one or more of the other conductive areas are coupled 36. The separate cooling 
devices, can further increase the thermal performance of the laser diode 10. 

For example, FIG. 7 is a top view of a laser diode assembly 22 in accordance with 

30 another embodiment of the invention. In FIG. 7, the shape of the p-metalization area 24 
is similar to that shown in the laser diode assembly 22 of FIG. 2, and the bonding wires 
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34 ; 34' ? 34" connecting the protection pad 18 to the p-metalization area 24 are routed over 
the laser ridge 16 and the contact pad 14. Thus, in at least one embodiment of the 
invention, at least one of the bonding members (e.g., any of the 30 or 34 bonding 
members) is routed back over the laser ridge 16 towards a conductive area, such as the p- 

5 metalization area 24. 

FIG. 8 is another example of a laser diode assembly 22 in accordance with still 
another embodiment of the invention. In FIG. 8, the carrier 28 is constructed and 
arranged to include an additional dissipation pad 36, also referred to as a conductive area, 
to which the bonding wires 34, 34 r and 34" coming from the protection pad 1 8 are 

10 coupled. As described above, the additional dissipation pad 36 may be part of the p- 

metalization area 24. In at least one embodiment, the dissipation pad 36 is not part of the 
p-metalization area 24, and bonding wires 34, 34' and 34" are used solely for heat 
dissipation. 

Using the laser diode assemblies of the invention may increase the ability of laser 

15 diodes to dissipate heat and may greatly increase the reliability of these devices. 

Although embodiments of the invention were described in reference to laser diode chips 
operating using 980-nm pump lasers, embodiments of the invention may be applicable to 
many other different wavelengths and types of laser diode designs, and may be 
particularly useful for "longer" laser diode chips (e.g., 300 micrometers or greater). 

20 Embodiments of the invention may be usable with devices operating using many different 
wavelengths of light, including UV, visible, and/or infrared. In addition, the invention 
also is useful for any type of devices requiring a means for heat dissipation (including, 
but not limited to, laser diodes, semiconductor optical amplifiers, and semiconductor 
modulators). Embodiments of the invention may also be useful for devices that are 

25 constructed using low or poor thermal quality materials. 

In addition, although the illustrated embodiments of the invention are shown 
using laser diodes mounted in an "epi up" (e.g., p-side up) chip mounting scheme, the 
invention also can be used with an "epi down" (e.g., p-side down) chip mounting scheme 
(e.g., the bonding wires are on the "n" side of the laser diode chip instead of the "p" side 

30 of the chip). Those skilled in the art will recognize that embodiments of the invention are 
equally applicable to epi down (p-side down) style laser diodes. 
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In the Figures, in some instances, more than one element may be shown as 
illustrative of a particular element, and a single element may be shown as illustrative of 
more than one element. Unless otherwise stated herein, showing more than one of a 
particular element does not imply that a system implemented in accordance with the 
5 invention must comprise more than one of that element, nor does illustrating a single 
element imply that the invention is limited to embodiments having only a single one of 
that element. In addition, unless otherwise recited herein, the total number of elements 
illustrated as representing a particular element is not limiting; those skilled in the art will 
recognize that the number of a particular system element can be selected to accommodate 
1 0 the particular user needs . 

Having thus described at least one illustrative embodiment of the invention, 
O various alterations, modifications and improvements will readily occur to those skilled in 
0| the art. Such alterations, modifications and improvements are intended to be within the 
J scope and spirit of the invention, and the foregoing description is by way of example only 
Wl 5 and is not intended as limiting. Accordingly, the invention is to be defined not only by the 
h*k preceding illustrative descriptions and drawings but also from the claims. 
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